to the electron orbitals of neighboring
atoms in a crystal. Suppose aluminum
oxide (colorless sapphire) is doped with
1% Cr,04; each of the five 3d orbitals of
the resulting Cr’* ions is shifted, but
not all by the same amount. Light of
the proper color will cause transitions
involving these split levels, and will
therefore be absorbed. Two such reso-
nance absorptions are in the violet and
the green-yellow (broadened by vibra-
tional interactions), leaving deep red
and a little blue to pass through. As a
result, we have the blood red of the
ruby.

The spatial symmetry of the ligands
causes resonances to differ along differ-
ent axes. Therefore the color of the
transmitted light will depend upon its
plane of polarization, varying between
purple-red and orange-red—an effect
known as pleochroism. Increase the
Cr,0, doping to 10% and the ligand
fields are weakened, giving a colorless
crystal. Heat this crystal, reducing the
fields still further, and a green color
results, an effect known as thermo-
chroism. Increasing the Cr,0O, concen-
tration to 60% also produces a green
color: but now subject the crystal to
enormous pressures of, say. 100 kilo-
bar, and the ruby red color returns—an
effect called piezochroism.

1 have minor disagreements with
Nassau's placement of some topics. For
example, the spectacular blue interfer-
ence colors of the Morpho butterfly are
described in the chapter "Colorants of
Many Types,” rather than in “Interfer-
ence and Diffraction.” Holography is
treated in a hodge-podge chapter that
includes the physiology and biochemis-
try of human vision; it, too, seems
better suited to the chapter on "Inter-
ference and Diffraction.” However, 1
cannot fault Nassau for omissions; this
is the most complete book I know of at
any level on the causes of color. There
are extensive discussions of color pro-
duced by molecular vibrations and
rotations, band gaps and charge trans-
fer effects, interference, diffraction,
dispersion and scattering—even 19 var-
ieties of luminescence—to name but a
few of the topics.

The Physics and Chemistry of Color 1s
to be strongly recommended, both as a
reference and as an ideal text for
“special topics” classes on color

Davip G. STORK
Swarthmore College

ing to the physics of sports are an-
swered in this collection of essays that
have been contributed to Science 84 by
a number of authors. The book is divid-
ed into four parts: “Balls and Other
Flying Objects" discusses the physics of
the motion of baseballs, golf balls, {ris-
bees and the like; the second part,
“"Gear,” deals with tennis racquets,
bikes, skis, sails and gliders as viewed
from the scientist's eye; the third part,

"The Body,” addresses the physiologi-
cal aspects of sports, such as weight
control, perspiration and the biophys-
ical aspects of the exercising body; and
the last part, "Form,” is an amalgam of
essays on subjects ranging from the
ballistics of skiing to the construction
of darts,

To those active in sports, Newton at
the Bat will supply a theoretical back-
ing that will make sports much more

Newton at the Bat:

The Science in Sports

Edited by Eric W. Schrier

and William F. Allman

ribners, New York, 1984, 514 95

178 pp. - 3
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enjoyable. More sedentary people, but
lovers of theories, will also be fascinat-
ed by this book—and the varied and
colorful collection of topics will perhaps
induce them to leave their armchairs
and try out some of those theories in
the field. —AH
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